During the last decades there has been a progressive tendency towards less extensive surgical approaches to the primary treatment of breast cancer. Nevertheless, axillary lymph node dissection (ALND) remains a mainstay of surgical treatment. Recently, the role of this surgical procedure in the treatment of primary breast cancer has been challenged (Fentiman and Mansel, 1991; Fentiman and Chetty, 1992; Cabanes et al., 1992; Fentiman, 1993; Margolese, 1993) . In fact, although the presence of axillary node metastases is still regarded as the strongest prognostic factor in early breast cancer, some trials showed that axilla prophylactic treatment has no impact on survival, axillary recurrence being controlled by delayed treatment without affecting the final outcome of patients (Cancer Research Campaign Working Party, 1980; Fisher et al., 1985) . Indeed, according to Fisher's hypothesis, axillary nodes are not an effective barrier to the systemic spread of breast cancer and their involvement can only be viewed as a marker of distant metastases that have already occurred (Fisher, 1992) .
Axillary lymph node dissection, however, is directly responsible for most of the side-effects related to breast surgery (Hladiuk et al., 1992; Robinson et al., 1992) and it requires general anaesthesia, thus adding treatment morbidity and costs. In addition, with the growing implementation of breast cancer screening programmes, and with the more favourable stage spectrum of newly detected breast cancers, systematic ALND would clearly be an overtreatment for most patients. These considerations account for the inclination to limited axillary dissection (Toma et al., 1991; Axelsson et al., 1992) , sampling (Rose et al., 1983; Todd et al., 1987) , no axillary dissection at all, or for the tendency by some to predict the degree of total nodal involvement from pathological examination limited to lower node levels, with or without the assistance of other prognostic factors (Todd et al., 1987; Shek and Godolphin, 1988; Toma et al., 1991; Axelsson et al., 1992; Kiricuta and Tausch, 1992 ).
An alternative approach would be the construction of a mathematical model based on characteristics identified at the level of primary tumour and surrounding tissues that might accurately predict the degree of nodal involvement.
The present retrospective study concerns a large consecutive series of breast cancer patients from a single institution. The aim was to analyse several morphological characteristics derived from the primary tumour to build a predictive index of axillary nodal status. According to these criteria, 379 cases were excluded from the analysis: two males; 31 unknown histological type; 41 non-invasive cancers; eight Paget's disease without invasive cancer; 44 miscellaneous tumours; 76 unknown lymph node status; 177 fewer than six nodes examined by the pathologist. Thus, the remaining number of cases was 1697.
Materials and methods
All slides were examined at the Istituto di Anatomia Patologica, Facolta di Medicina, Universit'a 'Federico II' di Napoli: all readings were performed according to a single form and slides obtained from the primary tumour and the surrounding breast tissues were observed by the pathologists before those of the axillary nodes.
Variable definition Seventeen variables were recorded for each case, grouped as follows: (1) Axillary nodal status: number of metastatic nodes categorised in four classes -node-negative (NO) and nodepositive with three levels of nodal involvement (NI-3, N4-9, N> 10). Category N, 10 included cases with node metastases attached to one another or to other structures (pN2 category of pTNM classification). (2) The frequency distribution of the studied variables is shown in Table I .
Statistical methods A three-step statistical strategy was used. A preliminary exploratory analysis, correspondence analysis (Bouroche and Saporta, 1980; Greenacre, 1992) , was performed to simplify the data by removing unnecessary variables and by lessening the number of categories of multicategorical variables. Variables retained from the previous step were then entered into a multinomial logit model (Aldrich and Nelson, 1984; Cox and Snell, 1989) to produce a predictive index of the degree of axillary nodal involvement. Based upon this index each patient could be assigned to one of four classes of The exploratory analysis and the model development were carried out on the training sample; the goodness of fit of the model was assessed both on the training and the testing sample, according to Hosmer and Lemeshow (Lemeshow and Hosmer, 1982) . The prognostic relevance of the predictive index was assessed by plotting OAS curves for each predicted class of nodal involvement.
Survival curves were estimated by the product-limit method (Kaplan and Meier, 1958) . OAS was defined as the time from surgical treatment to death. Comparison between curves was carried out with the Mantel-Haenszel procedure (Mantel, 1966) . All the analyses were performed using the BMDP statistical package (BMDP Statistical Software, Los Angeles, CA, USA).
Results

Exploratory analysis
The results of exploratory analysis are summarised in Table  II . Single correspondence analysis (SCA) (Bouroche and Saporta, 1980; Greenacre, 1992) Other primary tumour variables were explored by multiple correspondence analysis (MCA) (Bouroche and Saporta, 1980; Greenacre, 1992) . Irregular borders, size greater than 2 cm (TI) and multicentricity were found to be associated with nodal involvement, whereas cellular reaction, fibrosis, elastosis, necrosis and calcifications showed no correlation with the presence of nodal metastases.
Finally, MCA of nodal involvement with local invasion variables revealed that, of these variables, only LVI and BVI were clearly correlated with nodal metastases. Furthermore, LVI and BVI were closely related, because BVI is present only in five cases out of 501 with LVI absent. Therefore, rather than using two distinct variables (LVI and BVI), a new variable was generated for inclusion in the model: vessel invasion (VI), with three categories: LVI absent (LVI-), LVI present but BVI absent (LVI + BVI -), LVI and BVI present (LVI + BVI +). Invasion of fascia was found to be irrelevant for nodal involvement, whereas exploratory analyses failed to show whether or not skin and nipple played independent roles.
At the end of the exploratory phase, eight variables out of the initial 17 were entered into a multinomial logit model (the number of categories is given in brackets): tumour type (3), tumour site (3), tumour size (3), tumour borders (2), multicentricity (2), vessel (3), nipple (2) and skin invasion (2).
Modelling approach Skin invasion and site of primary tumour were no longer significant after adjusting for other variables (P=0.45 and P=0.12 respectively) and were consequently removed from the model. The remaining variables were retained in the final model, vessel invasion and tumour size being the most important ones. The mathematical procedure used to calculate, according to our model, the predicted probabilities of belonging to the four nodal classes is provided in the footnote to Table III. Goodness offit and prognostic accuracy To determine the goodness-of-fit of the model (Lemeshow and Hosmer, 1982) , only two classes of nodal metastases were considered (NO and N +). Using our model, we calculated the probability of being N+ for each patient. We then assigned patients to ten groups based on the ranking of their predicted probability of nodal involvement, each group containing approximately one-tenth of the total (deciles).
Observed and predicted numbers of node-positive patients in each decile of predicted risk are shown in Table IV for both training and testing samples. Comparison of observed and predicted numbers as well as Hosmer-Lemeshow statistics (P>0.95 and P>0.50 for training and testing sample respectively) testify a good fit of the model.
We also evaluated classification accuracy, that is how accurately nodal involvement might be predicted in individuals with known covariate values. Using the procedure reported in Table IV subjects with a given combination of variables were assigned to the nodal class with the highest predicted probability; as a consequence, a certain number of patients are expected to be misclassified. Table V shows the agreement between predicted and observed classes of nodal metastases: 84.5% of nodenegative, but only 47.7% of the overall group of patients were correctly identified. However, when prognostic relevance of predicted classes were investigated, a significant trend in OAS was observed from predicted NO to Nk 10 categories, similar to the behaviour of the true classes of nodal involvement (Figure 1) . Furthermore, survival of misclassified node-negative cases (i.e observed node-negative predicted node-positive) is significantly worse (P=0.04) than that of correctly classified node-negative patients (i.e. observed and predicted node-negative) but not significantly different (P=0.63) from the survival of true node-positive patients with 1-3 metastatic nodes (Figure 2 ).
Discussion
Despite the progressive tendency towards less extensive locoregional treatment for breast cancer, ALND is still routinely performed during breast cancer surgery. The rationale for this surgical procedure, however, has radically changed. In fact, several clinical trials that aimed at defining the curative role of ALND failed to show any significant difference in clinical outcome between patients with or without locoregional treatment to the axilla (Cancer Research Campaign Working Party, 1980; Fisher et al., 1985) . Although these results cannot be considered conclusive, it is generally accepted that ALND is of questionable therapeutic value, at least for clinically node-negative breast cancer patients (Lin et al., 1993) ; nevertheless it is performed for staging purposes and, possibly, to improve the locoregional control of the disease. The latter aspect may be questioned. In the NSABP study (Fisher et al., 1985) clinically node-negative patients randomised to radical mastectomy were found to be pathologically node-positive in 39% of cases; similar figures have been reported by other authors. Yet in the same trial only 17.8% of patients randomised to simple mastectomy developed axillary relapse requiring delayed dissection. These data strongly suggest that progression of occult axillary metastases occurs at a rate substantially lower than could be expected. Moreover, delayed axillary treatment does not affect the final outcome of the patients experiencing such a progression. Owing to the wide diffusion of breast cancer screening programmes, however, the rate of patients presenting with occult axillary metastases is expected to decrease progressively (Tabar et al., 1985; Tabar et al., 1992; Ahlgren et al., 1994) . Since only a small percentage of those metastases would progress to become clinically evident, it seems that the number of patients potentially benefiting from a prophylactic ALND, at least in terms of disease control, will become insignificant. Also the role of ALND as a staging procedure has been questioned recently (Deckers, 1991; Cady, 1995 addition, ALND prolongs surgical operating time and hospitalisation. Consequently, attempts have been made to replace the information derived from axillary lymph node examination with surrogate information obtainable at a lower morbidity cost (Rose et al., 1983; Todd et al., 1987; Van Dongen, 1987; Shek and Godolphin, 1988; Tjandra et al., 1989; Toma et al., 1991; Axelsson et al., 1992; Kiricuta and Tausch, 1992) .
In this study we investigated the association between some morphological characteristics of the primary tumour and of surrounding tissue and the degree of axillary node involvement, and we attempted to derive a predictive index of the latter from a panel of the former. Although we could not find a perfect predictor of nodal involvement, we demonstrate that knowledge of a few characteristics of the primary tumour provides prognostic information equivalent to nodal status with the same discriminatory ability. Other investigators are pursuing similar goals by using both pathological and biological characteristics (Chadha et al., 1994; Menard et al., 1994) . In our study only pathological variables were investigated, because they were retrospectively available in a large file and the results could be generalised to most clinical centres.
Seventeen histological features were studied in a large number of subjects and an integrated multivariate statistical strategy-exploratory and modelling approach-was used to adjust for strong relationships among variables and to optimise the quality of the variable selection. Rather than the simple use of negative/positive alternatives, four levels of axillary node metastases were considered as a response variable, according to the usual classification (NO, N -3, N4-9, N> 10); these four classes identify subgroups of patients with clearly different prognoses and they are often used as a stratification criterion in prospective randomised clinical trials. Even though a possible misclassification of nodal classes may be hypothesised in relation to the ability of the surgeon, degree of nodal involvement was considered in this study as a gold standard with which to compare the quality of the classification process. The only constraint was a minimum number of dissected nodes equal to 6, aiming to reduce the risk of nodal involvement underestimation.
This cutoff might also explain the apparently high rate of node positivity in our series (64% numbers of examined nodes, suggesting that they probably reflect the true rate of node positivity at the time of primary surgery in these old series of patients.
Evaluation of predictive accuracy of the final model consisted of reliability of prediction and classification accuracy: the former being the consistency of observed proportions of nodal involvement in groups (deciles) of risk with the group's proportions predicted by the model; the latter being the ability of the model to discriminate patients with different degrees of nodal involvement.
Overall, two of our results are clinically relevant: firstly, the observation that the clinical outcome of predicted categories is very similar to the outcome of the observed ones (Figure 1) indicates that the predictive index is as accurate as nodal status; secondly, because the outcome of node-negative patients who are predicted to be node-positive is closer to that of patients with 1 -3 metastatic nodes than to that of node-negative patients (Figure 2) , it is possible, by using the index, to select a subgroup of node-negative patients with unfavourable prognosis. These results imply that ALND as a prognostic procedure could be avoided.
Our index can be improved upon for optimal lymph node involvement prediction: firstly, by using information on clinical nodal status, that was lacking in our retrospective series; secondly, by adding biological variables that have already been shown to be useful for this kind of prediction. For instance have recently demonstrated on a very large series of breast cancer patients that some commonly used biological variables (progesterone receptors and S-phase fraction) can significantly contribute to the prediction of nodal involvement. Other factors that could be potentially useful in this task are overexpression/amplification of the oncogene c-erbB-2 (Berger et Borg et al, 1991) , low levels of expression of the nm23 gene (Hennessy et al., 1991; Royds et al., 1993) , alterations of tumour cell surface glycosylation (Alam et al., 1990; Brooks and Leathem, 1991) and tumour neoangiogenesis (Weidner et al., 1991 (Weidner et al., , 1992 Bosari et al., 1992; Horak et al., 1992) .
Finally, use of new data integration techniques, like neural networks (NNs) (Rumelhart et al., 1986; White, 1989) , could be helpful in producing models to predict the degree of lymph node involvement. Neural networks have recently been applied to the solution of several problems in the biomedical field. Ravdin and coworkers Ravdin et al., 1993) and De Laurentiis and Ravdin (1994a,b) have shown the ability of NNs to yield models for predictions for oncological patients. It has also been shown that NNs can improve upon traditional statistical models when the data to be analysed are complex and the outcome variable depends on complicated and unexpected interactions among predictive variables De Laurentiis and Ravdin 1994b) . Preliminary but promising results of NN-based predictive models for nodal involvement have already been proposed .
In conclusion, pathological features of the primary tumour can be used to produce a predictive index of axillary lymph node metastasis. This index is as accurate as nodal status in predicting OAS for breast cancer patients and it might avoid the need for ALND if this procedure is performed for staging purposes only. However, the classification accuracy of the model must be improved so as to obtain optimal prediction of the degree of lymph node involvement. At present, the index may be useful in the management of patients in whom axillary dissection has not been performed. It may provide additional information to restricted or inadequate lymph node sampling and it is an indicator of high risk of death in node-negative patients.
